Background Th e aims of this study were to examine what amount of s edentary time is associated with low cardiorespiratory fi tness (CRF) in adolescents and whether this association is independent of physical activity. Methods The study comprised 1808 adolescents aged 12.5-17.5 years from 10 European cities. Sedentary time and moderate-to-vigorous physical activity (MVPA) were measured by accelerometer. CRF was assessed by the 20 m shuttle-run test. Adolescents were divided into two groups (high/low) according to FITNESSGRAM guidelines. Receiver-operating characteristic (ROC) analysis was used to determine thresholds that best discriminate between high and low CRF in adolescents. Results Adolescent girls had more sedentary time than boys (p<0.001). ROC analysis showed that girls spending ≥69% of waking time in sedentary activities had low CRF, but no signifi cant threshold discriminated between high and low CRF in boys. Adolescent girls who exceeded this threshold had lower levels of CRF (p≤0.001) and were more likely to have a low CRF (OR 1.68, 95% CI 1.22 to 2.31) independent of centre, age and body mass index. The negative infl uence of excessive sedentary time on CRF remained signifi cant (p=0.045) in adolescent girls who did not meet the physical activity guidelines (<60 min/day in MVPA) but was abolished (p>0.05) in those who met the recommendation (≥60 min/day in MVPA). Conclusion Excessive sedentary time is associated with low CRF in adolescent girls but not in boys. However, this adverse effect might be attenuated if adolescent girls meet the current physical activity guidelines.
INTRODUCTION
Cardiorespiratory fi tness (CRF) is a health marker across the lifespan. 1 -4 Thus, higher levels of CRF have been related to a healthier cardiovascular disease (CVD) risk factors profi le in youth. 5 Moreover, there is strong evidence indicating that higher levels of CRF in childhood and adolescence are associated with a healthier cardiovascular profi le later in life. 6 Indeed, CRF attenuates the detrimental effect of body fat. 4 CRF is infl uenced by genetic and biological determinants. 7 Several studies suggested that the genetic heritability of CRF is approximately 50%. 7 Biological factors such as sex, age, pubertal status and growth, are also important predictors of CRF. 7 8 Since CRF tends to track moderately from childhood to adulthood, 9 10 it has been suggested t hat adolescence is a specifi c period in life when CRF levels decrease. 11 Lifestyle factors also play an important role in explaining the remaining variance in CRF. 7 For example, several studies show that regular physical activity might explain around 10% of CRF variance. 2 12 However, little is known regarding the impact of sedentary time on CRF during adolescence.
The harmful health consequences of a sedentary lifestyle are the focus of recent research. 13 -16 Sedentary activities have been defi ned as "activities that do not increase energy expenditure substantially above the resting level", that is, activities that involve energy expenditure of <1.5 metabolic equivalents, 17 such as lying down, sitting and watching television. Over all, previous studies defi ned sedentary behaviours as time in screen time (television+computer) to examine the associations between sedentariness and CRF. 18 19 Nevertheless, these sedentary behaviours are far from capturing the total amount of everyday sedentary time in both adults and young people. 20 21 Therefore, it has been suggested that activity monitors would more accurately assess sedentariness in humans. 17 For preventive purposes, it would be of interest to know how much sedentary time measured by accelerometry is associated with unhealthy CRF in adolescents. Minimising the decline in CRF during adolescence may have a positive impact on adulthood health. 9 It is not known if engagement in physical activity counteracts the effect of sedentary time on CRF during adolescence. 22 23 The aim of this study was to examine how much sedentary time is associated with an unhealthy CRF according to FITNESSGRAM sex-and age-referenced standards in European adolescents. We also examined whether engagement in physical activity attenuates the effect of excessive sedentariness on CRF in this population.
METHODS Participants
Adolescents were participants in the Healthy Lifestyle in Europe by Nutrition in Adolescence-Cross-Sectional Study (HELENA-CSS). The HELENA-CSS is a multicentre study conducted in 10 European cities from nine countries: Athens (Greece), Dortmund (Germany), Ghent (Belgium), Heraklion (Greece), Lille (France), Pécs (Hungary), Rome (Italy), Stockholm (Sweden), Vienna (Austria) and Zaragoza (Spain). The main aim of the HELENA-CSS was to obtain reliable and comparable data on nutrition and health-related parameters such as physical activity and fi tness, obesity, food choices and preferences, CVD risk factors, vitamin and mineral status, immunological biomarkers and genetic markers in a representative 12.5-17.5-year-old sample of European adolescents. 24 Data collecti on for the HELENA-CSS took place between 2006 and 2007.
A total of 3865 adolescents were recruited at high schools and met the inclusion criteria established in the HELENA study. 24 Of these, 1808 adolescents (964 girls) had valid data on weight, height, accelerometry and CRF. Ethic committees from each country approved the HELENA-CSS protocols. 25 Adolescents and theirs parents/guardians were informed about the HELENA-CSS and all provided written informed consent.
Anthropometry
Body weight was measured to the nearest 0.1 kg with an electronic scale (seca 861; seca, H amburg, Germany). Body height was measured barefoot with a telescopic stadiometer (seca 225) to the nearest 0.1 cm. 26 Adolescents were barefoot and in light clothing during anthropometric measurements. Body mass index (BMI) was calculated as body weight divided by the square of height (kg/m 2 ).
Assessments of sedentary time and physical activity
Habitual sedentary time and physical activity were objectively monitored using the ActiGraph GT1M activity monitor (ActiGraph, Pensacola, Florida, USA). This accelerometer is a robust, small (3.8×3.7×1.8 cm), lightweight (27 g ) and uniaxial monitor designed to detect vertical accelerations. The ActiGraph has been widely validated in youth. 27 Adolescents were instructed to wear the accelerometer against the lower back for 7 consecutive days using an elastic waistband. The accelerometer was worn during awake time and removed during water-based activities. The interval of time (epoch) was set at 15 s in accordance with consensus recommendations for children and adolescents. 28 Bouts of 20 continuous minutes of zero counts were considered as non-wearing time periods and were removed from the analysis. T o be included in the analysis participants had to wear the accelerometer for a minimum of 8 h per day for at least 3 days a week.
The amount of time (min/day) spent in sedentary time was calculated by using the standardised cut-off point of <100 counts per minute. 29 This cut-off has been widely used in previous studies to capture low energy expenditure activities (eg, watching TV, playing video games, painting). Percentage of time spent daily in sedentary time was calculated as the proportion of time spent in sedentary activities over the wear time (called 'adjusted sedentary time') and was considered the main variable for all analyses. The time spent (min/day) in moderate-to-vigorous physical activity (MVPA) was calculated using the standardised cut-off point of ≥2000 counts per minute. 22 Adolescents were dichotomised into those who met (≥60 min/ day in MVPA) or did not meet (<60 min/day in MVPA) the current physical activity recommendations for youth.
Assessment of CRF
CRF was assessed using the 20 m shuttle-run test. 30 The methods used and reliability of this test have been reported in detail elsewhere. 31 32 Briefl y, participants were required to run between two lines 20 m apart while keeping pace with audio signals emitted from a pre-recorded CD. The initial speed was 8.5 km/h, which increased by 0.5 km/h each minute or stage. The test was terminated when the participant failed to reach the end lines concurrently with the audio signals on two consecutive occasions or stopped due to f atigue. The maximal oxygen consumption (VO 2max ) in ml/kg/min was estimated by the Leger equation. 30 Following this, the sample was divided into levels (high/low) of VO 2max according to ageand sex-referenced standards ( http://www.fi tnessgram.net ). In particular, high CRF corresponds to 42 ml/kg/min for boys, 38 ml/ kg/min for girls 13 years of age and 35 ml/kg/min for girls 14 years of age or older.
Statistical analyses
Sex differences in descriptive statistics were examined by analysis of variance for continuous variables and the χ 2 test for nominal variables. Because sedentary time was strongly and positively associated with the wear time (r=0.81, p<0.001), analysis of covariance (ANCOVA) controlled for wear time was performed to examine sex differences in objectively measured sedentariness.
Receiver-operating characteristic (ROC) curves 33 were used to calculate the optimal sedentary time cut-off points that best discriminate between adolescents with high and low CRF. The area under the ROC curve (AUC) represents the ability of the test to correctly classify adolescents with high or low CRF. Values of AUC range from 0.5 (non-informative test) to 1.0 (ideal test). Sensitivity was considered as the probability to correctly identify an adolescent with low CRF (true-positive rate). Specifi city was considered as the probability to correctly identify an adolescent with a high CRF. The ROC curve provides the whole spectrum of specifi city/sensitivity values for all possible cut-off points. The optimal combination of truepositive rate and false-positive rate is the point closest to the perfect test (upper left corner of the graph). ROC analyses were performed separately by sex. Differences in CRF between adolescents who met or did not meet the cut-offs obtained in the ROC curves were analysed by ANCOVA controlling for centre, age and BMI.
To examine whether the association between sedentary time and CRF is independent of the time spent in MVPA, group.bmj.com on February 11, 2011 -Published by adc.bmj.com Downloaded from we analysed differences in CRF levels across sedentary time (excessive and not excessive according to the cut-offs obtained in the ROC curve) and physical activity (<60 min/day and ≥60 min/day in MVPA) groups by ANCOVA controlling for centre, age and BMI. Binary logistic regression was also performed to examine the relationship between excessive sedentary time and high CRF. ROC curve statistics were calculated with MedCalc statistical software v 10.4.5 (MedCalc Software, Mariakerke, Belgium). The other analyses were conducted using SPSS v 15.0 for Windows (SPSS, Chicago, Illinois, USA). The level of signifi cance was set at <0.05 for all analyses.
RESULTS
The descriptive characteristics of the adolescent European sample stratifi ed by low/high levels of CRF for the whole sample and by gender are shown in table 1 . Adolescent girls had lower levels of CRF than boys, whereas adolescent boys had higher levels of MVPA than girls. Also, a higher percentage of adolescent boys than girls met the current physical activity recommendations for youth. In contrast, adolescent girls spent more time in sedentary activities than boys.
ROC analysis showed that a cut-off of ≥69% in sedentary time signifi cantly discriminates (AUC 0.542; 95% CI 0.505 to 0.579; sensitivity 74.8% and specifi city 33.0%) between adolescent girls with low an d high CRF, whereas in boys, a cutoff of ≥75% revealed no signifi cant differences (AUC 0.513; 95% CI 0.470 to 0556; sensitivity 24.7% and specifi city 81.6%) between CRF status groups ( fi gure 1 ). Overall, 73.2% of adolescent girls spent more than 69% of their waking time in sedentary activities.
ANCOVA controlling for centre, age, sex and BMI showed that the adolescent girls who exceeded this threshold had signifi cantly lower levels of VO 2max (p<0.001) and 20 m shuttlerun test stages (p=0.001) than less sedentary adolescent girls ( fi gure 2 ). The odds ratio for exceeding this threshold in sedentary time and having a low CRF status in girls was 1.68 (95% CI 1.22 to 2.31) after adjustments for the same potential confounders.
To further explore whether the association between this sedentary time threshold and CRF in adolescent girls is independent of physical activity, we performed the same analysis by stratifying the adolescent sample into four groups according to sedentary time (<69% and ≥69% in sedentary time) Figure 1 Sedentary time cut-off points to discriminate between unfi t and fi t adolescents by receiver-operating characteristics (ROC) analysis. AUC, area under the ROC curve. and physical activity (<60 min/day and ≥60 min/day). The ANCOVA showed that adolescent girls who did not meet the current physical activity recommendations and exceeded the 69% in sedentary time threshold had signifi cantly lower levels of VO 2max (p=0.045) and 20 m shuttle-run test stages (p=0.049) than those girls with lower levels of sedentary time within the same physical activity group after adjustments for centre, age, sex and BMI ( fi gure 3 ). The odds ratio for exceeding this threshold in sedentary time and having a low CRF status in girls who did not meet the physical activity recommendation was 1.70 (95% CI 1.07 to 2.71) after adjustments for the same potential confounders. Overall, 85% of adolescent girls did not meet the physical activity recommendations and spent ≥69% of their waking time in sedentary activities. Interestingly, there were no signifi cant differences in VO 2max or 20 m shuttle-run variables between sedentary time levels in those adolescent girls who met the current physical activity recommendations ( fi gure 3 ). These analyses were repeated in boys, but there were no signifi cant differences in CRF across physical activity and sedentary time groups (all p>0.05).
DISCUSSION
The main fi ndings in our study indicated that adolescent girls who spent ≥69% of their waking hours in sedentary time had lower levels of CRF and were more likely to have a low CRF status, independently of potential confounders and BMI. However, physical activity may attenuate the harmful effect of sedentary time on CRF in adolescent girls if they meet the current physical activity guidelines. This study also showed that an excess of sedentary activities was not signifi cantly associated with a low CRF in adolescent boys.
Several previous studies have also examined the associations between sedentariness and CRF. 18 19 34 -36 However, most of them have used subjective measures of sedentariness such as television viewing, computer use or screen time (television+computer). For example, Pate et al 18 found an inverse association between television viewing and CRF in a representative US youth sample aged 12-19 years, participants in the National Health and Nutrition Examination Survey 1999-2002. Earlier cross-sectional studies only found low correlations between television and CRF in young people. 34 -36 Recently, Lobelo et al 19 showed that adolescent girls who exceeded the current recommendations for screen time (>2 h/ day) also had lower levels of CRF in both cross-sectional and longitudinal analyses.
One study in younger children used accelerometer-measured sedentary time and parent-reported screen time variables. 37 In this study, children spent approximately 5 h/day in sedentary 
min/day viewing television and 20 min/day using a computer). These data suggest that self-reported behaviours such as time watching television are not a broad marker of sedentary time. 20 21 Only two studies have analysed the relationships between objectively measured sedentary time and CRF in youth. Ekelund et al 22 showed an inverse correlation (partial r=-0.11) in 1709 European children and adolescents aged 9 and 15 years old from the European Youth Heart Study. In a Swiss sample, accelerometer-measured sedentary activity was not related to CRF. 23 It must be noted that the main purposes of these two studies were not to examine the associations between sedentary time and CRF and, in addition, associations were not controlled for body fat and physical activity measures.
Our results suggest a sex effect of excessive sedentary time on CRF. Thus, in the current study, objectively measured sedentary time was only signifi cantly associated with a low CRF in adolescent girls but not in boys. Specifi cally, ROC analysis showed that spending ≥69% of waking time in sedentary activity was associated with a low CRF in girls. Although the association found was weak (AUC 0.54), adolescent girls who exceeded this threshold had lower levels of CRF a nd were more likely to be classifi ed as having an unhealthy CRF status.
A second important aim of our study was to examine whether the inverse association between sedentary time and CRF in adolescents girls was independent of physical activity levels since several studies have shown that sedentary time might have a negative role on CVD development independently of physical activity. 13 -15 T o avoid possible multicollinearity by including sedentary time and physical activity variables in the same model, we divided the sample into two groups according to the current physical activity recommendations for adolescents. This analysis showed that among girls who did not meet current physical activity requirements, sedentary girls (≥69%) had lower levels of CRF than less sedentary adolescent girls (<69%). Additionally, there were no differences in CRF levels between sedentary groups who met the physical activity recommendations. Taken together, these results suggest that physical activity might attenuate the damaging effect of sedentary time on CRF in adolescent girls.
Sex differences in CRF levels have been attributed to differences in muscle mass. 38 In girls with insuffi cient MVPA (ie, <60 min/day), light physical activity might play a key role in CRF levels, as shown in a previous work from the HELENA study. 39 Thus, light physical activity may stimulate muscle mass to build CRF in adolescent girls. On the other hand, muscle mass might be adequately stimulated by physical activity in adolescent girls who meet the physical activity recommendation (ie, ≥60 min/day in MVPA), and therefore the infl uence of sedentary time or light physical activity could be attenuated among these girls.
These fi ndings may have important public health and clinical implications. In fact, longitudinal studies have shown that CRF decreases during transition from childhood to adulthood, although this decrease is more evident in girls. 11 Moreover, adolescent girls spent more time in sedentary activities and less time engaged in physical activity than boys in our study, similarly to other studies with objective measurements. 29 40 For these reasons, adolescent girls who spend too much time in sedentary activities and do not achieve the recommended levels of physical activity may be considered a target group for intervention strategies to improve CRF. Further efforts, therefore, should be made to decrease sedentary time in girls in addition to increasing physical activity.
On average, over 73% of adolescents in our study exceeded the recommended sedentary time. This fi gure may be alarming, but previous studies have found that over 50% of adolescents already exceed the screen time recommendations o f <2 h/day in television and computer activities. 41 To offer a concise and public health message may be diffi cult due to the complex nature of this particular lifestyle factor. However, the cut-off of 69% found in the present study may be rounded down to provide a concise and easy message (eg, adolescent girls should not spend more than 2/3 of their waking hours in sedentary activities).
To the best of our knowledge, this is the fi rst study to suggest the amount of daily sedentary time that is associated with an unhealthier outcome. Nowadays, sedentary behaviour recommendations for youth are exclusively limited to screen time. 42 In contrast, Hamilton et al 13 have proposed an overall recommendation to "limit sitting times". Likewise, Corbin and Pangrazi 43 recommended limiting extended periods of >2 h/ day on sedentary activities in children. The recommendation proposed in our study is based on the amount of daily sedentary time, and may be considered a fi rst attempt for preventive purposes. Further studies are necessary to support our fi ndings and formulate a useful public health recommendation related to excessive sedentary time.
Several limitations must be taken into consideration. For example, the cross-sectional design precludes fi rm conclusions about the causality of our fi ndings. Moreover, there is no defi nitive consensus regarding the best cut-off point to assess sedentary activities using the ActiGraph accelerometer. In the current study, we have used the cut-off point of <100 counts per minute, which was validated for adolescents, 44 whereas others have used higher thresholds to assess these types of activities in children and adolescents. 22 45 In conclusion, adolescent girls who spent ≥69% or over 2/3 of their waking hours in sedentary activities had lower levels of CRF and were more likely to have a low CRF status, independently of potential confounders including BMI. However, this adverse effect might be lessened if these girls meet the physical activity guidelines. Major efforts are necessary to reduce sedentary time in girls, in addition to increasing physical activity.
